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それぞれbile salt export pump (Bsep)､ multidrug resistance gene 2 (Mdr2)
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Severe lnJure
Fig･ I Possible role of Sult2a iD Protection agai-lSt LCA-induced hepatotoxicity Toxic bile
acid TLCA js sulfated alld cxcrcted to bile. TLCA､taurolithocholic acid; TLCAS. TLCA-3-
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す｡また､ LCA､ TLCAは毒性が強い胆汁酸として知られている｡ HPLCによ
って肝内に検出されたLCA､ TLCAを測定した｡
血清AST､AIX活性は､野性型では1%LCA処置でそれぞれ895±414 (IU/L) ､
268±130 (IU/Dと高値を示したが､ PCN併用でそれぞれ8､ ll (%)に減少
















Fig･ 2-ユ･ CbangeG irk )iver darn&ge dj喝TIOStlc markers Mice were red a diet supplemented
with l% LCA for 9血ys肋d cotreated with PCN (100mglkg1 0r com oil forlast4 days･ Dataare













LCA + PCN LCA LCA十PCN
Wild･ty pe FXR･ nu "
Fig･ 2-3･ Hepatic total LCA levels Mice we.･c fed a dlet StlpPIcrnellted wi(h lO,'u LCA for g days
and cotreated with PCN (lOOmg･'kg) Or corn oi一 f011ast 4 days. The lcvcls ofLCA and TLCA
were determi【led with TIPLC. Data are shown as the mean土S.DJIl=3　-{8).札P<0.05 ＼′ersus








sult2al mRNAレベルは､ RT-PCR法を用いて測定した(Fig. 214 (B))0
sult2al mRNAレベルは､ Sult2aタンパクレベルと同様に､野性型に比べFXR
欠損型で高く､ PCN併用により増加した｡
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Fig･ 21･ lLepa-ic leヽrelsol SullZa (A) Western blot anal)･sis ofhepatic Sult2a proteins in
mouse liver cytLISOl. S11112a proteins were detected using alltj-rat SULT2Al antlbody- (a)
RT-PCR anal画s ofhepatic Sult2aまmRNA leve王S湖iee w- fe舶dieは卿iemented with











0.52 (nmol/min/100 g body weight)で､ PCN併用で10.3 ± 9.7に増加し
た｡さらに､ FXR欠損型に1%LCAを処置したときは37.1 ± 27.1で､ PCN
併用で25.6 ± 3.9だった｡
一　胆汁へのTCDCA排推レートは､野性型に1%LCAを処置したときにそれぞ
れ75 ±54(nmol/min/100 gtdyweight)で､ PCN併用､あるいはFXR欠
損型で変化しなかった｡また､胆汁へのTLCA排推レートは､野性型ではPCN
併用で変化しなかったが､ ⅨR欠損型ではPCN併用で19 (%)に減少した｡
Tabte 1. Changes in bi舶ry biはさCid otJtput rates
wjld･type FXR･null
MetaboLite LCALCA十PCN LCA
















Mice were fed a diet supplemented vhth 1 % LCA for 9 days andcotrBated with PCN
(100 mg/kg) or corn oiHor Fast 4 days･ TLCAS tevels were measured w附1 LC/MS州S･
TLCA and TCDCA 一evels were measured by HPLC.







ったLCAが含まれるため､ cho止c acid (CA)の排推量は検討していない｡総
LCAS (LCAS +TLCAS)の糞への排推量は､野性型に1%LCAを処置したとき
′
に1.0 ± 1.3(岬101/day/100gbodyweight)で､ PCN併用によって6倍に
増加した｡さらに､ FXR欠損型では野性型に比べ16倍高く､ PCN併用によっ
て1.4倍増加した.一方で､胆汁に多く排推されていたCDCA､ TCDCAの糞
への排推量はヾ野性型に1%LCAを処置したときにそれぞれ4.0 ± 2･9､ 1･1 ±
2.0 (pmol/day/100 g bodyweight)で､ PCN併用で変化しなかったoまた､
FXR欠損型でCDCA排推量は0.58±0.75､ PCN併用で1.50 ± 0･84とそれ
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WiJd ･type FXR-null
Fist 2☆5･ Ch紬宅eS in fccd b触add lcvds地C8 W-良舶diet supp血腫nted wi血l‰ LCA for
9 days Nld cotreated with PCN (100m蛋fkg) or com oil for奴4由ys･ LCAS and TLCAS Icv蝕
W脈m弧red wih LC-MS. TLCA, CDCA弧d TCDCA lev細野ere m榔d by Ⅰ貯LC･
Dぬare shown aS theは柁an士S.D. (肝4 -7). a, P〈O.05 versu･S '`1%LCA"; b. p<仇05 vms
"Wild-type ''･
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Table 2. Ratio of fecaV billiary bile acid excretion暮evels
Wild-type FXR-null
metabolites
LCA LCA + PCN LCA LCA十PCN
/
Total LCAS　　　>1.0　　　　　0.463　　　　0.285　　　　0.556
Tota一 CDCA 0.040　　　　0.01 7　　　　0.002　　　　0.006
Mice were fed a diet supplemented vJth l% LCAfor 9 days and cotreated with PCN
(100mgn(g) or corn oil for 4 days from 5th day･ Data are shown as the mean ± S･D･
(n=4-5)
Total LCAS : LCAS +TLCAS Total CDCA : CDCA + TCDCA
FecaF bile acid out put rate (nmol/day/g Liver)






























Fig, 2-61 Chn酢S in fecal and lJrinaT･y bile acld九･Sul伽e levels Mice were fed a diet
suppTemented with l% LCA for 8 days and fed a control diet for olle day, Mke werecotreated
w仙PCN (100 mg/kg) oT COm Oi一 foT4 days舟om 5th day･Data are shown as the mean土S･D.
























で､ CDCA､ TCDCAをHPLCで測定した(Fig. 3-1)｡なお､餌に混ざったLCA
が糞に混入しているため､ LCA排推量の検討は行っていない｡ LCAS､ TLCAS
の糞への排推量は､ 1%LCA処置でそれぞれ23.4　±　7.3､ 9.2　±　3.9
(tAmol/day/100 g body weight)で､ 0.4%DHEA併用でそれぞれ71､ 32 (%)
に減少した0 -万､ CDCAの糞への排推量は､ 1%LCA処置で1.65 ± 0.86























Fig･ 3-) ･ tn爪tJetlCe Of DHEA-cotreatment in fecaHot81 LCAS And CDCA excretioれrateS
FXR-null female mice were細a diet supplemented with l%LCA, 0･4%DHEA or I %LCA十
0.4%DHEA for 9 days. Data are Shown asthe mean士S･D･ (n=5)･ TCDCA was not detected･
N.D., llOt detected.
マーカー(Fig. 3-2)と､肝内TLCAレベル(Fig. 3-3)を検討した｡
血清AST､Al:T活性は､1%LCAを摂取させることでそれぞれ47.9 ± 6.0 ､
19.2± 2.5(IU/Dで､ 0.4%DHEA併用でそれぞれ11､ 9倍に増加した｡肝内
のTLCA及びTCDCAは､ FXR欠損型で1%LCA処置によって19 ± 15






Fig. 3-2. 1JIhetICe Of DHEA-fOtreAtmetLt iA ]iver血Tn&ge diAg血舶tic Jn&rkers
FXR-null female mice were fed a diet stlPPlementedwith l%LCA, Of4%DHEA or l%LCA

















Fig･ 3-3･ lrLhence orDHE九･totreatn.ent in heptic hIle acid contelltS FXR-null femalc mice
wel･C fed a diet supplcmcnted with l%LCA, 0･4%DHEA or l%LCA十0.4%DHEA foI･ 9 days･














LCAは､ 6α位が水酸化されることでhyodeoxycholicacid (HDCA)を､ 6β



















Fig. 4･1. Major bydroxylatioJI Or lithKholk acid by liver山icrosome
肝Cyp3a発現レベルをWestern blot法により測定した(Fig. 412 (A))｡肝内
cyp3aは､野性型に比べFXR欠損型で高く､野性型､ FXR欠損型ともにPCN
併用で増加した｡また､肝ミクロゾーム(Ms)画分を用いて､ LCA水酸化活性
を測定した(Fig. 4-2 (B, C, D))0 LCA6α位水酸化活性は､野性型にLCAを処





























Fig. 4-2. Cyp3a protein levels and LCA hydroxylase activity (A) Hepatic
cyp3a protein levels were detected using anti-rat CYP3A2 antibody･ (B)LCA 6α,
(C)LCA 6β, (D)LCA 7α-hydroxylase activity･ Mice were fed a diet supplemented
with l% LCA fわr 9 days and cotreated withPCN ( 100 mg / kg ) or com oil fわr last 4






もに検出されなかった｡ tauroMDCA (TMDCA)は野性型に1 %LCAを処置し
たとき87 (nmol/g uver)だったが､ PCN併用､またmR欠損型では検出さ
18
れなかった｡ CDCA､ tauroCDCA (TCDCA)は､野性型にLCAを処置した時
それぞれ31､ 164 (nmol/g uver)で､ PCN併用で22､ 77だった｡ FXR欠損
型にLCAを処置した時は28､ 78で､ PCN併用で17､ 49だった｡
/
胆汁中へのTHDCA排涯は､野性型に　LCA　を処置した時に　7.9
(nmol/min/100 gbodyweight)で､ PCN併用で変化しなかった｡また､ FXR
欠損型と野性型との間に差はなく､ FXR欠損型にPCNを併用しても変化は見
られなかった｡一方TMDCA排滑は､野性型にLCAを処置した時46.6
(nmol/min/100 g body weight)で､ PCN併用で19 (%)に減少した｡ FXR
欠損型にLCAを処置した時は44.0 (nmol/min/100 g b∝lyweight)で､ PCN
併用で11 (%)に減少した｡ TCDCAは､野性型にLCAを処置した時75
(nmol/min/100 g b∝lyweight)で､ FXR欠損型との間に有意な差はなかった｡
また､野性型､ FXR欠損型ともPCN併用で変化は見られなかった｡
TAb暮8 3. Chn9eB in bniary bne aCkJ output rさt幽
WikHype FX R･nu II
M etabol ite LCALCA十PCN LCA

















Mねe were fed a dbt supplemented w肋1% LCA for 9 days and cotreated w附=⊃CN
(100mgn(g) oT corn oi一 for 一ast 4 daysI THDCA, TMDCA and TCDCA 一evels were
measured by HPLC. Data are shown as the mean士SID･ (n=4 -5)･ a, p<0105 versus


























































Fig･ 413･ Protct-i､･e roIc of St2A in LCA-induced hepatotoIXjcity TLCASI Which generate
fronl TLCA by sulfation, is excreted to feces effectively. And due to this mechaJlism- LCA-











































C57BL/6雌性マウスにcontrol diet (CE-2)または0.6% LCAを3､ 5､ 7お
よび9日間混餌で摂取させ､投与開始5日目からはコーンオイルまたはPCN
(100 mg/kg)を授与した｡ LCAおよびpCN併用時の肝毒性の発現状況を血清









c L3　LS L7P2　L9　L9P4　P4　　　　　C L3　L5　L7P2　L9　L9P4　P4
Flgふ1. Serum ALT (A)仙d Aんp P) ACtivlty･ C57BL/6 female mice were fed a
control diet or the diet supplemenedwith O･6% lithocholic acid rot 3, 5･ 7 or 9 days and
cotfeatedwith PCN (100 mg/kg) or com oil for last 2 or 4 days･ Data are shown asthe
mean土S,D. (n45). C, control; L3. LCA 3 days; L5, LCA 5 days; L7P2, LCA 7 days
and PCN 2 days; L9, LCA 9 days; L9P4. LCA 9 dayLq and PCN 4 days; P4, PCN 4
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< Phospho]ipid and trigTycerideィe]ated gene >
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< upid and bite acid transporter (basoIateral membrane) >
2　5aa






























<_ Drug metabolic enzyme >
cyp3all　　　　　*　　　*　　　*　　　*　　1 ･2　　1･3
st2a　　　　　　　　*　　12.6　　　　*　　　　*　　　3.2　　　3.5
Data represent fold change relative to control group･ -a indicates 1/a･ 'indicates
not significant difference from control group･
Hmgcs, HMG-CoA synthase; Hmgcr, HMG-CoA reductase; Pmvk,
phosphomevalonate kinase; Lss, lanosterol synthase; Ebp'phenylalkylamine Ca2+
antagonist (emopamil) binding protein; Acacb, acetyl-CoA carboxylase beta; Acas,
acetyl-CoA synthase; Fads, fatty acid desaturase; Elovl, elongation of very long
chain fatty acids-like; Scd, stearoyl-CoA desaturase; Acaa, acetyl-CoA
acyltransferase; Acsll, acyl-CoA synthase long-chain family member 1; Acadvl･
acyl-CoA dehydrogenase, very long chain; Acads, acyl-CoA dehydrogenase, Short
chain; Acat, acetyl-CoA acetyltransferase; Ehhadh, enoyl-CoA, hydratase/3-
hydroxyacyl-CoA dehydrogenase; Dgat, diacylglycerol 0-acyltranSferase, Chpt,
choline phosphotransferase; Dgkz, diacylglycerol kinase zeta; Gpam･ glyceroll 31
phosphate acyltransferase, mit∝hondrial; Lcat, lecithin cholesterol
acyltransferaSe; Lpl, lipoprotein lipase; Lypla, ly80Phospholipase; Pcyt･ phosphate
cytidylyltransferase; Pctp, phosphatidylcholine transfer protein; Pla･
phospholipase; Pi4k2a, phosphatidylinosito1 41kinase type 2 alpha; Pik3C3,
phosphoinositide13･kinase, class 3; Pik4ca, phosphatidylinosito1 41kinase･ catalytic,
alpha polypeptide; Pip5klb, phosphatidylinosito1-4-phosphate 51kinase, type 1
beta; Pip5k2C, phoSphatidylinosito1-4-pllOSphate 5-kinase, type 2, gamma;Ptdss,
phosphatidylserine synthase; Plscr, phospholipid scramblase; Fxr･ farnesoid X
receptor; Lxr,liver X receptor; Ppar, peroxisome proliferator-activated receptor;
sllp, Small hetero血ner partner; Srebp, steroid regulatory element binding
protein; Apo, apohpoprotein; Ldlr, low density lipoprotein receptor; Ntcp･ Na'-
taurocholate cotransporting protein; Sic, solute carrier; Bsep, bile salt export


















phosphatidic acid phosphatase (Pap), stearoyl-CoA desaturase (Scd),
acetyl CoA carboxylase (Acc-1), lipoprotein lipase (Lpl), fatty acid
elongase (Fae), CPC phosphocholine cytidyl transferase (Cpct), fatty acid




















してMdr2, Pap,Lpl, PIs, Annexin2が認められた｡逆に負の相関を示すものは
Abcg5, Abcg8, Ntcp, Mrp4, mR, Cpct等だった｡
32
Table.5 Relative mRNA levels oflipid･related genes
















































































Data represent fわld change relative to control group･ Fold changes relative to O･6% LCA group
are underscored･ Microarray data are glVen in parentheses･ *, no significant difference.
Acc, acetyl CoA carboxylase; Bsep, bile salt export pump; Cpct, CTP phosphocholine cytidylyl
transferaモe; Fae, fattyacid elongase; Fas, fatty acid synthetase; Fxr, famesoid X reseptor; Lpl,
lipoprotelm lipase; Mdr, multi-drug resista叫M叩, multi drug resistant related proteln; Ntcp,
33
Na+　taurocholate cotransportlng pOlypeptide; Pap, phosphatidic acid phospatase; PIs,
phospholipid scramblase; Ppar, peroxisome proliferator-activated receptor; Scd, stearoyl-CoA












Fig.5-2　Expression profiles of lipid-related genes. (A) Plots of log((0.6%LCA + PCN)/(0.6%LCA)i
vs logf(0.6%LCA)/(Control)). (B)　Plots of log((0.6%LCA　+　PCN)/(0.6%LCA)i vs

























































れぞれbile salt export pump (Bsep)､ multidrug resistance gene 2 (Mdr2)




















































LCA; 3･9 tday), p i 0･81
LCA+PCN; 3･7くねy), I < 8･01
Fi等･ 6-日JlheTICe Of PCN<otreatment on bodyt weight in LCA-fed mice･ C57Bu6
fcrnale mice were危d a control diet α the diet supplement ed with 0.6% tithocholic acid
for 9 days and cotrcatcdwithPCN (loo mgn唱) or com oil br last 4 days･ Data are













AconbI PEN LCA LCA岬CNcontrol PCN LCA LCA+Pen
Fig. 6-1. SenlTn AlJT (A) "a ALP (B) &ctivlty･ C57BL/'6 femalemice werc鮎a
control diet or the diet supplcmeTtted with O･6% lithocholic acid for 9 days and






がそれぞれ約29.5% (10.9 ± 3.1 nmol/min/gliver)､約35･9% (1･84 ± 0･76












cc伽　PCN LCA LCAtPCN　　　榔軸　PCN L弘LCAmN cud PCk LCA LCAや馳
Fig. 6･3. Changes h biliary bile acid (A), phospholipid (8) aJId cholesterol (q
outptlt rate･ C57BL/6 femal¢mice w耶免d a control diet or the diet supplement ed
with 0.6% 1ith∝holic acid for 9 days and ccRreated with PCN (l00mg搬g) or corn oil
for last 4 days. Data are shown as the mean土S.D･ (n=5-7日や<0･05 , *串p<0･Ol and
"*p<0.Col)
Table 6. Changes in the expression profile of transporter genes in Iiver･




















ン脂質濃度はコントロール群で19.7 ± 1.2 mg/gliverであるのに対し､ LCA








抽伽I PCN LCA LCAl柑
()○Alf6盲u))○】○36○toLP山道監oN C
cad Pen LEA LCA+PCN
Fi宜. 6-4. Changes in hera(ic bile acid (A). phospholipid (a)仙d cholesterol (q
coTICeTIIratioTl. C57BL/6 female mice were fed a control die( or the diet supplemented
with0.6% lithocholic acid for 9 days and cotreated with PCN (100 mg/kg) or com oil



















によりALT活性はコントロール群と比べて約154倍(862 ± 335 IU/L)に上昇
したが､ ALP活性の上昇は認められなかった｡一方､ QNCを併用するとALT
活性の上昇はコントロール群と同程度(14.4 ± 1.6 IU/L)まで抑えられた(Fig.
7-1)0
44
cBntrOI QNC LCA LCAqNC
Fig. 7-1･ Serum ALT (A)抽d ALP (B) ACtjvity･ C57BL/6 female mice were触a control
diet or die diet supplementedwith O･6% lithocholic acid and cotreatedwith QNC (90 m鍾g)




の濃度はそれぞれコントロール群と比較して約8･7倍(1667 ± 525 nmol/g
hver)､約2.2倍(1.5 ± 0.5 mg/ghver)に増加した｡リン脂質濃度は約82%(16･0















刑g. 7-2. Chnges iTl heptic bi一e acid (A), phospholipld (a) atld cholesterol (q
concentration. C57BL/6femalemicc were fed a control diet or the diet stlpPlemenやd
with 0.6% litbocholic acid and cotreated with QNC (90 mg戊g) or saline for 6 days.
Data are shoⅥl aSthe mean土S.D, (n-4-5). (榊p<0･01 and +Hp<0,001)

















Fig. 7J. Changes ill biliary bile acid (A), phospholipld (B) and d10IesteroI (C)
otLtPut r細･ C57BL/6 female mice were fed a control diet or the diet supplemened
with 0.6% lithocholic acid and cotreated with QNC (90 mg/kg) or sa一ine for 6 daysI




















































体重が薬物処置開始前の約109 %､ 113%､ 109%であり､増加傾向であった
(Fig.8-1.)0 LCA投与による肝障害発現に対し､プロブコールを同時投与した
際の影響を検討するため､採取した血清から肝障害マーカーであるalanine













Fig, 8-1. 1札伽郎e Cfprobncol･fOffea触en紬l hOdy w軸ht iB LCA-fed mice･ C57BLJ'6
female mice were fed a eontTtll diet aJld the diet supplemented with O･5% probucol, 0･50/ら
lilhocholic acid or bothofthern for 9 da)･S. Date are shown as the me･an土SID･ (n⇒-7 )･





Fig. 8-2. Semm ALT (A) and ALP (J3) actiyity･ C57BL/6 female mice耶汀e fd a
corltrOl diet or the diet suppkmen栂d由ぬ0,5% probucol 1 O･5% liぬochoまie acid or
both of them fore days. Data are shown as lhe mean土SD, (n=4-6)･ ( **p<0･01 and
的*p<0･00日













Fig･ 8J･ Cbngcs ill hera-ic 3cl-OII bit-cid conctLntmtion･ C578L/6 fen-al-tice
were fed a cotltrOl diet or the diet s呼plel聡ntd with O･5% probueol A 0･5% l娘od一曲e


















解析した｡ RT-PCRを行った結果､ BsepmRNA発現量は､ LCA群で無処置群
の約55%と有意な減少が認められた.一方､プロブコール併用群はLCA群の約
154%､無処置群の約85%であり､ LCA群に比べ有意な増加が認められた｡












処置群と比較して､約40%(0.62 ± 0.35 ml/min/gliver)と有意に減少した｡
また､胆汁酸排推量も約54% (37.6 ± 13.5 nmol/min/g liver)と減少傾向
が見られた｡一方､プロブコール併用群での胆汁流量ならびに胆汁酸排推量は､












Fig. 8｣. l山hehCe Of prt-bttcolヾolreAtTtteftl on heptic tlsq, mRPl^ (A)州d proteiJI
狗expr-紬ii, LCA触fedi3Aie zBicei Bsep fnRNA and pfOteiB Were.ine税rd by RT･
PCR altd WestmI blol.lnこJysis･ Ilepdtic t-lRNJb and melnbranLLrich miLlrOSOId fn'etious
were p-eparcd恥1-- C57BIJJ6 felnak nlice托d a col-tml diet or the diet s､tpr'tel一一entcd wil1-









Fig･ 8-5･ blnueACe OI probtlCOt･COtre&tJkn- otL tlsep ttJRNA (A) aJld proteh (Bl lnrels ID
bCA fdぬke. C57BLf6 fmlale mice we和良d a contrd血or血昏di東SuPpぬ飢餓戚with
o･5% probu印王, 015%止血echolic哉Cidげbo血ofぬ弧fq 9由汐･工ねta a托Shovm asぬ母me油
土S.口. (nニHl. ('p<0,05.糊付･Ol aJld '''pくOIOOl I
約240%であり､有意な増加が認められた｡また､プロブコール群は無処置群と
比べ､胆汁流量に変化はなかった(1.73 ± 0.41ml/min/gliver)が､胆汁酸









Fig･糾･ hfh'eAC…f probtICd球Otreatmenl on bile flow (A紬nd biliary bile批id
outptlt ra細仰in LCA l'cd fe搬Ie dce. C57日LJ6 female nli仁e Ⅵ'ere魚d a control diet or
the dki supplemented with O･5% pr血-col 1 O･5% lithocholic凱:id or both of them for 9days-










Td)1e 8-I. Changeさin雛r皿m , PL , T -Cbl ,CE Bmd r血ofC矧で-Chol
Sernm




pzt)bucD1　0･65±0115a O･40土0･09a 0,07土0･04a Ol03±0.02　0･32±0･22a
a                           a             a
LCA 1.17土0.15　1159土0･25　0･75土0･15　0124土0･08　0･31土0･11
鎧. o･95土0･07a O･46土0･Oflb o･.3土0･07alb o･08±0107a■b o･50±0･34
C57BL/6femab mice were fed a controldiet or the dietguppleme nted with0.5%
probucol , 0･5% hthα九ohc acid orboth of them for9days･ Date are shown as the
mean ± S.D, (n=4 -6). a P〈O.05compared with controlgroup, b p<o･05compared
withLCAgroup. TG ; triglyceride PL ;　phospholipid T-Chol ; totalcholesteroI










した｡その結果､ TG､ PL､ CEならびにCE/T-Cholは各群に差が認められな
かった｡ T-Cholは､ LCA群に比べプロブコ-ル併用群で有意な増加が認めら
れた｡ (Table 8-2.)
Td)le 8-2.伽m酢8 in hepiltic T一触1 , m皿dTG
TG PL T- ChoI CE CErP -Chd






C57BI,/6fema】e mice were fed acontroldiet or the diet凱lppleme nted with
o.5% probucol , 0.5% lith∝九olic acid or tx)th ofthemfor 9days･ Dateare








Td)le 8-3. Chazqps in tdiary T-Chol , PL andTG NtPut ralte




probucol O･27±0･13　　11 ･41 ±1･72　　　0･54±0･16
a





C57BL/6femal企mice were fed acontmldiet orthe dietsuppleme nted with
0.5% pmbucol , 0.5% lithocholic acid or both of them for9days. Date are
shownasthemean　± S.D. (n=4-6).
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